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ABSTRACT

This project was an exploratory study, designed to
assess local students' knowledge and opinions on the state
of ground water in the Morongo Basin.

It included the use

of place-based education, holism, and constructivism to
teach community college students about the current use,

overuse, and threats to local ground water resources.
Eight laboratory activities were designed to educate

students about many aspects of local ground water and its
importance to humans who are living in the desert.

Survey findings suggested that certain issues were of
importance to the students. By the end of the course,

some

of them indicated in journal entries that they would make
efforts to the conserve their ground water usage.
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CHAPTER ONE
INTRODUCTION TO THE STUDY

Background Information

Yucca Mesa, Yucca Valley, Twenty-nine Palms, Wonder
Valley, Joshua Tree, Landers, Johnson Valley, Flamingo
Heights and Morongo Valley are desert communities located

in the Morongo Basin area east of San Bernardino,
California. This arid region averages less than 10 inches

of rainfall annually, and ground water has traditionally

been the water of choice for the area (Nishikawa, 20 04) .
The populations of these formerly small and isolated
communities have grown significantly,

from a total of

about 5,000 residents in 1940 to more than 60,000 in 2002

(Nishikawa, Densmore, Martin, Matti,

2003) . Currently,

the

Morongo Basin's natural ground water stores are undergoing
enormous losses due to overdraft and the accompanying
subsidence of overlying lands

(Nishikawa,

Ibicki, Hevesi,

Stamos, Martin, 2004).

Copper Mountain Community College
referred to as 'CMC')

(from here on to be

is also located in the Morongo Basin

between the towns of Joshua Tree, and Twentynine Palms.

The college currently serves approximately 2,000 students

of all ages and ethnicities. Transferable lower division
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science classes in geology, environmental science,

geography, and earth sciences are currently taught at CMC

where the author of this project was an instructor in the
science department.
'Ground water in the Morongo Basin: A Community
College Curriculum'

is an exploratory study, created as an

extension to three transferable classes in geology,

geography and environmental science that are currently

taught at CMC. Two additional learning units were added:

(a) a lecture series on local ground water, ground water

pollution and ground water conservation, and (b)

seven

environmental education lab activities.
The pedagogies used in the labs included

environmental education learning, constructivism, holism,
and place-based education.

A two-part survey of knowledge and opinions toward
conservation was given before the ground water units were

taught and after units had ended. This was done to

determine if the environmental education teaching
curriculum and methods employed in the water labs had

advanced students'

learning.
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The Curriculum

Part one of the ground water curriculum served as an
extension to the general lecture portion of the classes.

Topics included many aspects of water and ground water in

the desert. Information used in the lecture extensions
were provided by the Hi-Desert Water District in Yucca

Valley, Ca. and the Joshua Basin Water District in Joshua
Tree,

CA.

(Appendix E). Lectures were the primary mode of

content delivery.

Part two consisted of eight laboratory activities.
These activities substituted for the standard hands-on
labs in the physical geology, physical geography, and

environmental science classes.
The activities included a field trip to a water

district's demonstration garden, assessments of individual
students' weekend water usage both with and without the

use of water conservation tools such as sink aerators,
creating water desalination devices and chemically testing

the purified water. Groups of students were instructed to

build models of aquifers and models of water pollution

plumes and to use ground water maps, charts and diagrams.
All students were asked to carefully journal their
findings and observations for each lab.
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The Pre and Post Survey
Both the pre and post surveys contained 20 identical,

questions. Seventy-nine students finished the classes, and

theirs was the data used in the final analysis.

The survey instrument consisted of two parts:
(a) knowledge domain (Domain I) and (b) opinion domain
(Domain II). Domain I had eight multiple choice questions

on general knowledge of ground water with five choices
each, only one of which was correct. Domain I questions

were either given a '1' for a correct response or a '0'
for an incorrect response.
Domain II assessed opinions on personal consumption

of ground water resources and their conservation. The 12
statements were placed on a 5-point Likert type rating

scale.

Significance of the Project

The significance of this project was to address the

need for better education concerning threats to local
ground water resources, and to upgrade the information

that is currently available to the public.

Ground water resources in the Morongo Basin are
threatened by overdraft and nitrogen pollution from septic

systems. The rapidly expanding population base is
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consuming ground water resources at a faster and faster
rate, causing local water tables to fall as low as 300

feet from the pre 1940's levels

(Nishikawa et al. 2003) .

This dangerous situation threatens water purity and the
structural integrity of the water table itself

(Nishikawa

et al., 2 0 04) . The smaller Joshua Tree aquifer, located
under the town of Joshua Tree, about 6 miles west of CMC,

has been drained to about 1% of its original capacity

(Nishikawa et al., 2003). Education about the current
threats to ground water resources is of great importance
to residents of the Morongo Basin.

Limitations

The course used supplemental information provided by

local water companies and agencies. The water providers
offered up-to-date information in the form of booklets and

pamphlets on the state of local ground water and
groundwater issues.

Instructors are cautioned to consider

the following when using the materials suggested in this

project:
The information resources must be updated regularly
as the status of many environmental issues are currently

in a state of flux due to new research, new technologies,
new legislation and legislative compromises. These factors
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change rapidly and activities that are featured in this
project may not necessarily reflect current understanding.
Conflicts and their resolutions are necessary for

effective group learning and brainstorming sessions.
Environmental issues such as water, water usage,

and water

pollution are commonly quite complex and their solutions
usually require compromises by the players and interested

parties. Opinions on complex environmental issues are

often at odds with each other, and educators may find it
daunting to keep groups of students organized and focused

in civil conversation.

If the educators wish is to use the entire outline of
this project for a course in water education,

they must

also have access to water testing supplies.
A list of environmental education definitions is
located in Appendix A, and a list of hydrological terms in
Appendix C.
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CHAPTER TWO
LITERATURE REVIEW

Introduction

Chapter two reviews the textbooks and research

journals that provided relevant information about
environmental education and the topic of ground water

awareness and conservation. Included in this chapter is a
review of books and journal articles on the application of
holism, place-based education, and constructivist learning

in environmental education.

Environmental Education
Environmental education is intended to be a
comprehensive educational process that promotes learning
about human interaction with the environment
Hungerford, Volk, Blum, Ramsey,

(Disinger in

2 005) . The intended goal

of environmental education is the enactment of a lifelong
interdisciplinary process that promotes an interactive

understanding of the Earth environment in both individuals
and social groups. Environmental education should engage
and motivate individuals as well as enable them to weigh

various sides of an environmental issue in order to make
informed and responsible decisions

(Disinger et al.,

2005). The goals of environmental education were aptly
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summarized in the following statement by the first
Environmental Education World Conference that took place

in Belgrade, Yugoslavia in May of 1972.
The goal of environmental education is to develop a

world population that is aware of, and concerned
about the environment and its associated problems,

and which has the knowledge,

skills, attitudes,

motivations and commitment to work individually and
collectively toward solutions to current problems and

the prevention of new ones.

(Disinger, Blum et al.,

p. 238)

Ideally environmental education's purpose is to implement
changes in behavior that reduce environmental damages and

to promote conservation of natural resources.

It is

believed that a comprehensive understanding of the Earth

environment can motivate humans to empathize with other

species. Advocates of environmental education believe that

this can be accomplished by understanding how lifestyle
choices directly effect the environment. Environmental

educators often emphasize the need for sustainable use of
natural resources, and respect for living things to their

students.
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It is believed that actions that promote healthy

lifestyle choices accompanies individual responsibility
(Culen, 1998).

Place-Based Education
Place-based education is a discipline that seeks to

expand on an individual's sense of place and home so that
they might see their homes and communities as extensions

of themselves

(Sobel,

2005) . Examples of place-based

educational activities include field trips, interactions

with community members, community environmental projects

and other activities that promote connections with the

surrounding world.
In accordance with the axiom:

'think globally,

act

locally' Eugene Sobel emphasized that place-based
education:

...teaches about both natural and built environments.
The history,

folk culture, social problems,

economics, and aesthetics of the community and its

environment are all on the agenda. One of the core

objectives is to look at how landscape, community
infrastructure watersheds and cultural traditions
shape each other,

(p. 9)
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Place-based education may be understood as the art of

integrating human life and interests harmoniously into

their immediate surroundings
'Earth in Mind'

(Orr,

2004).In his book

(1996), David Orr stated that;

Every public school, college, and university is

within easy reach of streams, rivers and lakes that
are in need of restoration. The act of restoration is

an opportunity to move education beyond the classroom
and laboratory to the outdoors,

from theory and

application and from indifference to healing.

(p. 58-59)

Orr's premise is that the re-establishment of human
connections to the natural world can only be partially

taught in the classroom and that students will benefit
from outdoor education. Emotional involvement with natural
surroundings is a key motivating factor in the protection

and care of the natural world (Hungerford et al., 2005).
Place-based education can strengthen emotional ties to
home and community by promoting agendas that focus on

community involvement and individual's sense of "place."

Holistic Education

Holism is defined as a philosophical outlook that
seeks to understand complex systems in terms of an entire
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unit rather than attempting to understand natural systems

by examining only their constituent parts. Holism looks at
the 'bigger picture'

(Ballantyne, Packer,

2004) .

The use of holistic concepts in environmental
education aids learners in developing an understanding
about the interactions between Earth's ecological systems

and the influences that human beings have on them. It is
theorized that through holistic education,

students can

see themselves as part of an interconnected world, not as

a separate entity (Ballantyne et al., 1996). Holism as a

philosophy was well summed up by the great American
naturalist John Muir:

"Without a holistic outlook, people

may feel as though nature lives somewhere out there,
somewhere outside of themselves, and that they are above

it, or detatched from it in some way. Nothing could be
farther from the truth"

p. 66) . Furthermore,

(Muir in Hungerford et al., 2005,

"Proponents of integrated learning

maintain that by approaching course content holistically
the connections between subjects will be more clear and

true to life"

(St. Clair, 1992). In his journal article

'Environmental education: Creating a new holism'

(1996),

J. R. Calicott criticizes many current anthropocentric

descriptions of economy and land use in education and

calls for widespread holistic integration of all subjects

11

into environmental education, rather than the other way

around. Calicott makes several incisive points on nature
and our place in it and calls for holism in all aspects of

education. His statement,

"The universe is a communion of

subjects, not a collection of objects"

(p. 3)

reflects the

spirit and meaning of holism. Holism was employed in the
design of this project to emphasize the value of local
groundwater supplies and human dependence on them.

Constructivist Learning
Constructivism recognizes that individuals bring

their own formerly acquired knowledge into new learning

situations, and that learners process new knowledge in
different ways (Crowell, Caine, B.,

Munson.,

Caine, G., Garcelon,

1998). There are two types of constructivism in

the classroom: Cognitive, or 'individual constructivism'
depending on Piaget's theory (learning through the
incorporation of ideas and individual experiences), and

'social constructivism' depending on Vygotsky's theory
(that we learn from each other and choose whether or not

to accept what others have taught us). Both individual and
group interaction are needed in a constructivist

classroom. Individual understanding and collaboration with
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others are both necessary to comprehensively understand
ideas and issues (St. Claire et al., 2003) .

Environmental educators must understand that in order
to effectively utilize constructivist learning, new

knowledge must supercede, and then be integrated with the
old, requiring relevance of the subject matter. By using

the sense of "place" that place-based education provides,

environmental educators and their students learn how the
surrounding environment effects individuals. It is

believed that by emphasizing the relevance of place
through individual learning, cooperative learning, and
problem-solving; constructivist education may have lasting

effect on environmental attitudes

(Sobel, 2 005) .

Place-based education, constructivism, and holism all

actively engage the individual in his or her own sense of
"place." By integrating these educational techniques and

disciplines, promoting individual thinking, and the
processing and reprocessing of both old and new knowledge,

students may benefit from the use of environmental
education in the classroom.

Choosing the Sources of Learning

This project was undertaken to provide students with
learning experiences related to the state of local ground
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water reserves and was designed to utilize environmental
education in the college classroom.

As far as the author could ascertain, no adult
science curriculum focusing specifically on local ground

water had been previously taught in the local college or
in the high schools.

Two scientific papers, written by Tracy Nishikawa
(2003,

2004) on the state of Morongo Basin ground water

were used as reference materials. These were,

'Evaluation

of the source and transport of high nitrate concentrations
in ground water, Warren Subbasin,

California'

(Nishikawa,

et al. 2003), and 'Evaluation of geohydrologic framework,
recharge estimates and ground water flow of the Joshua

Tree area, San Bernardino County, California'

(Nishikawa,

et al. 2004).
The sources of educational materials used in the
water labs came from information in three college science

texts 'Physical geology:
al., 2010),
(Cunningham,

'The earth revealed'

(Carlson et

'Environmental science: A global concern'
Cunningham, 2009), and 'Physical geography: A

landscape appreciation'

(McKnight, Hess, 2010). Selected

leaflets and pamphlets by local water providers,

such as

the Hi-Desert Water District in Yucca Valley, Ca.,

(and by

the Joshua Basin Water District in Joshua Tree, Ca. were
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used to introduce the lab activities. They also provided

additional localized information on the state of ground
water. More information came from the two peer reviewed
journal articles by Tracy Nishikawa et al.

(2003, 2004) .

An online search of research literature was conducted
using the databases EBSCOHOST, and Wiley Periodicals using
the following descriptors:

'holism',

'ground water',

'environmental education',
'ground water',

'hydrology', and

'Warren Subbasin.' These searches yielded many dozens of
peer-reviewed journal articles dealing with ground water,

including the two by Tracy Nishikawa that were used in
this project. Eight useful articles on environmental

education, place-based education, holism, and
constructivism were also found and used.
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CHAPTER THREE

METHODOLOGY

Participants

This project involved the participation of 79
community college students who were enrolled in three

transferable college science classes. Two pre- post
assessments examined the knowledge and opinion changes

that occurred both before and after seven environmental
education lab activities were performed. Responses to the

pre- post assessment data were analyzed to obtain

descriptive and inferential statistics.
A total of 102 students at CMC had registered in the
three science courses in the fall, 2010 semester.

Seventy-nine of them actually completed the courses,

therefore only the data from these students were included
in the final data analysis. The demographics of the
participants were roughly half females and half males.

Their ages ranged from 18 to about 70 with the median age
at about 35 years. All of the participants were residents
of the Morongo Basin and represented several communities

in the immediate area. Of the 79 students, 21 were
enrolled in environmental science, 33 in physical geology,

and 25 in physical geography. All of the students had been
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given the same ground water lectures and laboratory
activities,

so all of the students were treated as one

group in the analysis.

In order to successfully integrate environmental
awareness and knowledge into college science curriculum,

the beliefs and values of the adult participants had to be

taken into account, therefore students were instructed to
journal their ground water knowledge and opinions as the

lectures and activities progressed. The journals were
collected at the close of the semester, assessed for

content, graded for their thoroughness and apparent

understanding of the materials, then returned to the
students.

Curriculum Summary

The lectures reviewed the water information in the

textbooks, then moved on to local ground water knowledge
obtained from Nishikawa's two ground water studies and

information from the local water providers. The lectures

were used as primers for the labs. Specifically emphasized
in the introductory lectures were: an introduction to

water, general knowledge of water, water as a natural
resource,

ground water, desert communities and the role of

ground water resources, pollution of ground water,
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the

delivery and availability of water in the Morongo Basin,

the duties of local water districts and water agencies,

and water conservation,

recycling, chemistry,

smart

gardening and irrigation.

Lab Activities Summary
The lab activities designed for individual students

included journaling, a field trip to a water district's
demonstration garden and a four-part assessment of

individual students' weekend water usage.

The lab activities intended for groups included

building a simple water desalination device,

the modeling

of aquifers and water pollution plumes, two activities

that utilized maps and charts of local ground water
resources and population data to pinpoint the sources of

nitrate pollution. Also, students were instructed to

design a plausible ground water usage plan for the town of
Joshua Tree. Two of the lab activities were modeled after

those in the 1995 environmental education activity guide
Project Wet' the rest of the activities were of the
author's own devising.

All activities were either designed or redesigned to
be suitable for adults. For example, Group activities 4&
5;

'Locating Sources of Nitrate Pollution.' Students used
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paint powder; the type found in elementary classrooms,

mixed with water and sand to model how toxins flow in
ground water. Students were then asked to locate sources

of nitrate pollution in their communities by referring to

maps and to the models they had built. For group activity
3, students were instructed to sculpt a miniature water

table made of sand, marbles, and clay. By recording the
amount of time it took for the water to percolate through

the layers to reach the lowest level in the container,

the

students could appreciate how long it takes for ground
water to accumulate.
Other activities included journal entries, recording
of data, map reading, brainstorming, mathematics, geology,

hydrology, sampling of local water, and modeling. They

were also used to promote attitude changes that would
ultimately result in environmentally responsible ground

water usage.

The activities were tested in classes conducted by

the regular science instructor. All the lab activities

were designed to be successive. Each lab activity was
built upon results and knowledge gained from the previous

one. Described below are the details of seven specific
activities undertaken in the course.
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The Lab Activities

Demonstration Garden Visit: The purpose of visiting
the 'Joshua Tree Water Wise Demonstration Garden' was to
promote awareness of water conservation through

desert-friendly gardening. The visit was led by a docent,
and students learned by listening, seeing the displays,
and by writing about their experiences. The students were
shown numerous ways to save water by planting drought

resistant species and by using drip irrigation and water
wise landscaping techniques in their home gardens.

After the tour,

the students were given literature on

water conservation along with sink aerators and water flow
measurement bags. These tools, provided by the water

company, were used for the following two labs;

'Weekend

Water Watch' was a four-part, hands-on lab that involved

the use of simple math to promote awareness of the
students' home water usage. The lab was performed at home

over a single weekend. Water flow outputs from the

students' kitchens and bathrooms were measured with and

without faucet aerators. Flow measurements were taken

using the flow measurement bags given to the students from
their visit to the demonstration gardens. The students

were instructed to complete the 'Water Watch'

lab by

graphing and comparing, answering questions about personal

20

water usage, and recording the results in their journals.

The data gathered from this activity were used in the

following labs.
'A Sustainable Water Usage Plan for the Town of

Joshua Tree': This hands-on activity involved map reading,
data analysis, mathematics, and the use of previously

gathered data from the 'Weekend water watch'

lab. The

purpose was to predict the impacts that past, current and
future populations have and will have on ground water

supplies in Joshua Tree.
Students were asked to study hydrologic and geologic
maps of the Joshua Tree Aquifer in order to predict its

future viability against past, present and future
population pressures. They also analyzed their own home

water usage data that was previously collected in 'Weekend

Water Watch' to calculate the number of residents that the
local ground water reserves could currently support

without imported water. As a follow-up to the lab, a
one-hour brainstorming session was held to allow the

students to devise their own plausible water conservation
plan for the Joshua Tree area.

'Building a water table' This was a hands
on/observation/journaling lab that involved layering of

various materials in clear plastic containers to simulate
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the flow of surface water. Water was added to the
containers and allowed to percolate downwards, through

sand, clay, and other materials for the remainder of the

semester. Students answered questions about water tables,
ground water movement, and recorded observations in their

j ournals.

'Point Source Pollution Mapping & Locating the
Sources of Nitrogen Pollution in the Warren Sub-basin:

Part one of this hands-on/observation/journaling activity
involved building a saturation zone model using graded

sand, dry paint and water. The powdered paint represented
a pollution source that spreads outward as water was

added, displaying the route that point-source pollutants

take when moving through a water table. Students were to
journal their observations and to correlate their findings
with the nitrate pollution mapping lab. Part two involved

the use of facts derived from Nishikawa's 2003 report on

nitrate pollution of the Warren Sub-Basin. Using the
hydrologic and geologic maps from her 2004 report,

students located point sources of nitrates and determined
the causes of ground water contamination. This exercise

involved the,use of logic, map reading skills, critical
thinking, and group involvement to arrive at answers.
Students recorded their observations and ideas in their
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journals. Students answered questions and offered their

own insights about what they had observed when
experimenting with the point pollution model, and what

they had learned from the exercise in their journals.

'Building a Desalination Device.' Students built a

simple three-bowl desalination device, observed and
recorded what occurred to water in the bowls over a period
of time. The bowls were built, filled with unfiltered tap

water, and placed in the sun. After the water in the bowls
had undergone one complete evapotranspiration cycle,

students were instructed to chemically test and to taste
the desalinated water sample, answer questions and record

their own thoughts about the desalination process in their
j ournals.
Students were instructed to faithfully journal each

lab activity and were encouraged to add their own ideas

regarding water conservation in the desert.
Assessment Design

To assess student learning while performing the water
units, the 20-question student assessment was arranged

into two domains. Domain I (questions 1-8) contained eight
general knowledge, multiple-choice questions about the

state of ground water in the Morongo Basin. The remaining

twelve items

(Domain II) were addressed as statements
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about ground water usage and care. Domain II items are
introduced on page 34.

Domain I. Domain I questions were multiple-choice

with five alternatives and only one possible correct
response for each question. The correct response was worth

one point, and the remaining four incorrect responses were
assigned zero points. These questions related to three key
issues about ground water in the high desert:

1.

The quantity and quality of ground water that is
currently available to desert residents.

2.

Current population pressures, pollution and
overdraft of ground water supplies.

3.

The implications of ground water overdraft and
contamination for future generations of desert

residents.

Domain II. The 12 statements in Domain II assessed
student opinions about local ground water. Domain II

(questions 9-20) asked the students to express their

opinions on local ground water issues. The answers were

placed on a Likert scale with a score of '4' given to the
response 'strongly agree' a score of '3'

to the answer

'agree', a score of '2' to a neutral answer (no opinion),

a score of '1' to the response 'disagree' and a score of
'0' to the response 'strongly disagree'.
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Questions 17-20 were negative in nature and for these

questions the Likert scoring values were reversed.
The student responses were scored anonymously to
protect personal identities and to encourage honest
answers and participation. All of the survey questions

were approved for use by the author's peers in the science

department at CMC and by advisors at California State
University San Bernardino. The questions themselves were

derived by the author from information in handouts and
pamphlets provided by local water agencies and from the

two hydrology studies by Nishikawa.
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CHAPTER FOUR
RESULTS AND DISCUSSION

Presentation of the Findings

In Chapter Four are the findings and a discussion of
the findings. As previously described, the pre- post

survey was divided into two domains, Domain I addressed

local ground water knowledge and consisted of 8
multiple-choice questions with five possible answers,

only

one of which was correct. Domain II: addressed opinions
about the care and conservation of local ground water

(statements 9-20).
Responses for each domain were analyzed for pre-post

means, gains, standard deviations and their t- and
p-values. These analyses are provided in tables 1, la, 2,

2a.
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Table 1. Domain I. Descriptive Statistics
post

pre

gain

QI: Which of these is responsible for
the consumptive local ground water
use?

.54
(.50)

.42
(.49)

.12

Q2: How much longer will ground water
be available given the current
rate of consumption?

.84
(-36)

.22
(.42)

.62

...is an example of a natural
process, often accelerated by
human activities & a common cause
of non-point source pollution in
the Morongo Basin.

.52
(.50)

.37
(-49)

.15

Q4: Ground water contamination in
desert areas from non source point
pollution is...

.55
(.50)

.42
(.50)

.13

Q5: Ground water contamination in the
Morongo Basin through the
discharge of petroleum products
is. . .

.51
(.50)

.30
(.46)

.21

Q6: The purpose of desert ground water
recharge stations is...

.55
(.50)

.42
(-50)

.20

Q7: The Morongo Basin Pipeline brings
water to the high desert from...

.51
(.50)

.39
(-49)

.12

Q8: The water carried from the Morongo
Basin pipeline originates at...

.57
(.50)

.41
(.49)

. 16

Q3:

*Numbers in parenthesis are standard deviation of item scores

Domain I Questions and Responses
The total number of points possible for Domain I

answers was 632. The Domain I post points total was 330,
or 52% of points possible. The pre points total was 235
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points or 38% of points possible. The pre-post points gain
was 105 point s or 17%.
The post Domain I highest student points total was 8

and the lowest was 2, averaging at 4.5 points. The Domain

I pre-survey points mean was 2.9, & the average point gain
pre to post totaled 1.6 points per question.
The mean scores of the post Domain I items ranged

from .51

(questions 5,7)

to .84

(question 2). The pre

Domain I item totals ranged from .42

.22

(questions 1,4,6)

to

(question 2).

Table 2. Test of Statistical Significance and Effect Size

post

pre

t-value

p-value

Cohen's d

Effect
size r

means

.57

.37

+ 7.88

<.0001

.57

.27

s. d.

.49

.077

df

78

The pre- mean of .37 suggests that a substantial
number of the students were aware of local ground water
issues prior to being surveyed. The mean gain of 20% in
correct answers pre to post may be attributed to ground

water knowledge conveyed to the students during the labs

and lectures.
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The Domain I pre and post assessment proved to be
statistically significant as the expected p-value of .05

was exceeded by the measured p-value of

(p < .0001). The

mean scores increased from pre to post, as did the

standard deviations. Additionally the moderate Cohen's d
(less than 8% of one standard deviation)

value

+.57 correlating to an effect size r = .27

equaled

(Table la).

These values reject a null hypothesis for Domain I.

The Domain I post standard deviation value of .49 had

increased from the pre assessment by 20%.
The mean scores,

standard deviation scores, Cohen's

d, p-value and t-value reflected a trend towards greater

knowledge of local ground water. The results of each item
are reported in table la.
Domain I Questions

Question 1:

"Which of these is responsible for the

most consumptive ground water use in the Morongo Basin?"

In the pre-assessment 33 students (26%) responded
correctly to this question. In the post assessment 54

(42%)
16.6%.

students answered this question correctly, a gain of
'Understanding how water is used in a specific

community is a matter of observation, common sense and

knowledge of local industries'
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(Nishikawa, 2003) .

Question 2:

"How much longer will Morongo Basin

ground water be available given the current rate of
consumption?

(Nishikawa, 2004). This question had the

greatest pre-post gain in the entire survey. Notably, the

mean gain of .62 from .22 in the pre to .84 post,

indicates selective retention of the answer:

strongly

"10 years,

beginning in 2003." This level of information retention

suggests that a pending shortage of well water is of

concern to the students.
Questions three, four and five challenged the

students to recall information from their class lectures
by asking them to remember the many ways that ground water

can become polluted. Question five pertained directly to
Morongo Basin ground water issues, as the military base at

Twentynine Palms is the greatest single source of ground
water pollution in the Morongo Basin (Nishikawa, 20 04) .

Then post survey gains were .15,

.13, & .21 respectively

Question six addressed the purpose and need for

ground water recharge stations. These are being used

presently in the Morongo Basin and with some success. A
measure of understanding of their necessity and purpose

was required for local ground water education, and a mean
gain of .20 was measured for the question.
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Questions seven and eight ask where the water,
imported to the Morongo Basin, actually comes from. Many

of the students were surprised to know that it came from
the Sierra Nevada Mountains, over 300 miles north-west. A
special pipeline was built in the year 2000 that connected

with the California Aqueduct at Hesperia and currently
carries the water over 60 miles south-east to the Morongo

Basin. With the near complete overdraft of ground water
supplies in the Joshua Basin and nitrate pollution in the
Warren Sub-basin, local water tables would have been
completely dry by now if it were not for this engineering

effort (Nishikawa, 2004).

Domain II: Opinions on Ground Water
Domain II was designed to assess students' opinions

on ground water. The items were worded as statements and
students were instructed to express their personal
opinions on the statements. The answers, both pre- and

post, were graded on a Likert scale with a points value of
'4' given to the response 'strongly agree'

a '3' as

assigned to the answer 'agree', a '2' was assigned to a
neutral answer (no opinion), a '1' was assigned to the
response 'disagree',

and a '0' was assigned the response

'strongly disagree.'
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Questions 17-20 were negative in nature and the

Likert scoring values were reversed with a '0' assigned to
'strongly agree, a '1' assigned to 'agree, a '2' was

assigned to a neutral response (no opinion), a '3' was
assigned to the response 'disagree', and a '4' was
assigned to the response 'strongly disagree.'

Changes noted in student opinions regarding the uses
and value of ground water are in the direction of
environmental awareness. The results of each item are
reported in detail in Table 3.
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Table 3. Domain II Descriptive Statistics
post

pre

gain

Morongo Basin ground water should
have annual quality assessments.

3.0
(.74)

2.0
(.99)

. 96

S10:

Ground water polluters should be
fined.

3.0
(-77)

1.72
(.83)

1.23

Sil:

Water recycling should be mandatory.

2.9
(-82)

1.68
(.78)

1.22

S12:

Homes & businesses that do not
conserve water should be fined.

2.9
(.81)

1.50
(.75)

1.4

S13:

Water rationing should me
implemented.

3.0
(.81)

1.72
(.78)

1.16

S14:

Septic tanks should be outlawed
except in remote locations.

3.0
(.86)

1.73
(.80)

1.26

S15:

Swimming pools should be heavily
taxed.

2.9
(-83)

2.35
(.83)

1.17

S16:

Local schools should teach about
local water issues

3.0
(-68)

2.44
(-83)

.56

S17*: The Morongo Basin's water providers
should implement more water
education programs.

3.0
(.68)

2.39
(-86)

.61

S18*:Most Morongo Basin residents are
aware of ground water issues.

2.9
(.84)

2.55
(.86)

.35

S19*: Morongo Basin residents are well
educated about current water issues

3.0
(.71)

2.30
(.98)

.7

S20*: Local water providers publish
accurate information about ground
water.

3.14
(.71)

1.96
( . 99

1.19

S9:

*Numbers in parentheses are standard deviation of item scores

The total number of points possible for Domain II

answers was 3,792 per survey. The students' post survey
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points totals were 2,732, or 72% of points possible. The
student's pre-survey points totals were 1,926 or 51% of

points possible. A gain of 806 points or 21% was noted

between the pre and post surveys.
The post Domain II highest individual student points

total was 44 and lowest was 31, averaging at 38. The
pre-survey's highest individual student points total was

31 and the lowest was 7, averaging at 23.2. A gain of 14.8

points was noted pre to post.
The mean scores of the post Domain II items ranged

from 3.14

(statement 20) to 2.88

(statement 13). The pre

Domain II item means ranged more widely, with a maximum
2.55

(statement 18) and the minimum at 1.50

(statement

12) .
The pre to post mean gain suggests that

(51%) of the

survey takers were aware that local ground water issues

existed prior to being surveyed. The post gain of 21%
suggests that after the labs and lectures had ended,

awareness of ground water issues had grown.
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Table 4. Domain II Item Totals. Test of Statistical

Significance and Effect Size

Post

Means 2.88
.91

S.D.

Pre

2.03

t-value p-value
+ 18.5

< . 0001

Cohen's d

effect
size r

+. 95

.43

df

78

.88

The expected minimum p-value of .05 was exceeded by
the measured p-value of < .0001, easily rejecting a null
hypothesis. The Cohen's d score, d = .95 also indicates a

large effect. The overall scores indicated that a high

degree of statistical significance had occurred in the
direction of ground water awareness by the end of the

ground water lecture/lab course.
In the. Morongo Basin where the weather is dry for

much of the year, labs and lectures on ground water facts

and issues were of interest to the students who live

there.

Domain II: Opinion Statements
Statements 9 and 10 suggested that the monitoring of
the quality of Morongo Basin water could be improved upon

and that polluters should be fined. The pre-post mean gain
of .96 for question 9 suggests that many of the students

considered ground water to be valuable and that it should
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be protected from pollution. The mean gain of 1.23 for
question 10 implies that students are concerned about the

quality of local ground water supplies.

Statements 11,

12, and 13 suggested that the

recycling of gray water, the use of water saving devices
in homes and businesses and water rationing were necessary

and that their use should be reinforced by law. Item gains
of 1.2,

1.4, and 1.16 respectively were noted. Statement

14 suggested that septic tanks should be banned except in
remote locations. The class lectures had included facts on

the costs of building and maintaining sewage treatment
plants, but the students were not deterred from stating

that septic tanks should no longer be used. The mean point
gain for statement 14 was 1.24 pre to post.

Statement 15 suggested that swimming pools be
outlawed. Many of the students agreed that they should be
banned, but most agreed in class that the public swimming

pools in the area should not be. A gain of 1.17 was noted
for this item. Statement 16 suggested that the local
schools include ground water studies in the school

curriculum. Again, a substantial number of survey takers
were agreeable to this idea, with a mean gain of .56.

Statement 17 suggested that Morongo Basin schools include
ground water studies in their curriculum. A gain of .61
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was noted. Statement 18 suggested that Morongo Basin

residents were already well informed about ground water
issues. A gain of .35 was noted. Statements 19 and 20

suggested that the public was sufficiently and accurately
educated about the state of local ground water and that

local water providers contribute to this understanding by
offering accurate data and information on ground water.

The pre to post gain for item 19 was lowest in the
entire survey with .7, but question 20 reflected some
trust in the water providers' information with a gain of
1.91.

Journal Entries and Brainstorming

Students' journal entries were studied for their
content. Their knowledge and opinions were compared to

determine the gains they had made as a result of

participating in the lab courses. A description of the
findings is reported below, and several themes were noted
as pertinent to the study.

The home water usage habits of the students were
brought into question during lab activities one, two and

three. Journal entries for these labs indicated that the

activities had assisted them in realizing that they could
easily change many of their more wasteful water
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consumption habits.

'Weekend Water Watch' was mentioned in

several journals as being the most useful for pointing out
ways to save water.

" Many gallons of water per week could

be saved just by being more conscious of shower duration,

frequency of washing the dishes and car and by washing

only large laundry loads,"

(Participant 24, Survey

Assessment, November 2010). Several journal writers
expressed interest in installing watering timers for their
home gardens and trees. One mother wrote:

"I have six

kids, all of them under 15. Any way to lower the bills is

a blessing"

(Participant 22,

Survey Assessment, November

2010).

A total of 16 of the 79 participants lived in homes

with their own water well. Journal entries and the written
summaries of group activity one,

'A Sustainable Ground

Water Usage Plan for Joshua Tree' and the post-survey
responses; all provided evidence of environmental

awareness about imminent threats to the availability and
purity of local well water. The students who lived with
water wells expressed the highest level of environmental
concern. Nine out of 11 of these students were satisfied

with their well water and wrote positive reports about the
quality of water in their homes as well as concern about

overdraft and pollution:
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We bought our place on the Mesa for the peace and
quiet and because it has two wells. Twelve years ago

the larger well pumped over 35gpm. It is now down to

about 20gpm. My husband says not to worry. I do
anyway.

(Participant 16, Survey assessment, November

2010)

Of the five students who have water delivered to
their homes, only one of them expressed satisfaction with

it. One of these students remarked in her journal,

"We

never would have bought our property if we had known that

the well was nearly dry. Now we are stuck using delivered
water and it's nasty"

(Participant 52,

Survey assessment,

November 2010). Journal entries often expressed particular

disgust with chemical additives present in truck-delivered

water and how their home filtering systems are inadequate
to remove the additives.
Several students were concerned with overpopulation

of the high desert area and its total impact on ground
water reserves over time. One older student who had

volunteered with the 'Save the Children Foundation' and

had spent several months in Sub-Saharan Africa, compared
the climate of Joshua Tree to that of the Sudan saying

that:
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We are not yet in the same position as the Sudanese
peoples who are living on the edge, with barely
enough water for a small family garden and some

goats. The village wells were all dry. I saw women
and girls leaving at sunrise and trudge for many

miles to bring home a single pot of water from a

distant well. Overpopulation could affect us the same
way here in the California desert if our city water
supplies were cut off.

(Participant 40, Survey

Assessment, November 2010)
One resident of Yucca Mesa wrote:
Our well is drying up, wrote one resident of Yucca

Mesa,

"and we are about a mile from the nearest city

water meter. Lately we have considered selling, but
it was my grandmother's house so I'd hate to, but
connecting to the city water main will just be too
expensive. We are going to try drilling farther down.

Hopefully we will hit more water, but if we don't...?
(Participant 37, Survey Assessment, November 2010)

A Yucca Valley resident noted that:

The well water we had for years was very good, but we

live close to the big recharge stations off Highway
247. The water is beginning to smell and taste foul.

We filter it, sometimes several times for drinking,
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but it's still lousy. We need to move or get on city

water.

(Participant 12, Survey Assessment, November

2010)

It was noted that those who scored overall lowest in
Domain II were the same individuals who, during
brainstorming sessions, argued against the dismantling of

septic systems and the building of sewage treatment

facilities, regardless of nitrate pollution and overdraft
of ground water. The most expressive opponents of ground
water conservation were three males between 30 to 65 years

of age approximately. They argued in their respective
classes against sewage cleanup and the building of ground

water recharge stations citing the monetary expenditures.

They said that the "value" of clean ground water reserves

was nil because "we are mostly using imported water
anyway"

(Participants 19, 28,

55,

Survey Assessment,

November 2010). It was noted that none of these people

either owned property or used well water. During
brainstorming sessions,

these same students often came

head to head with others who were greatly concerned about
the effects of overdraft and nitrate pollution. Most of
the students were concerned about well water pollution.
During class discussions, these differences in opinion

41

became quite intense, making for lively,
debates.
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if not heated

CHAPTER FIVE

CONCLUSIONS AND IMPLICATIONS

Conclusions
The primary conclusions derived from the outcomes of
the pre-post surveys taken during the water units were:
•

Statistical analysis of Domain I implied that
the labs created for this study had likely
contributed to a better understanding of and

respect for ground water.
•

Statistical analysis of Domain II implied that

an overall increase in ground water awareness
and positive opinions about its conservation had

occurred with the adult learners.
•

Based on journal entries, the activities that

related to the learners'

immediate environment

had general positive impacts on environmental
outlooks and attitudes.

•

Many of the students' journal entries indicated

that desert ground water is worth protecting
from overdraft and from pollution.

•

According to journal entries, a small percentage
of the participants were interested in taking
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personal steps towards ground water

conservation.
•

Conversations during the brainstorming sessions
confirmed that many of students were concerned

about ground water pollution issues. A few of

them were willing to vote, or would consider
voting for sewage treatment facilities over the
less costly, but polluting, septic systems.

All of the facts mentioned above were positive
in nature. Time will tell if the students and
others who take the classes and perform the lab

activities will follow through and do their part
for the preservation of ground water in the
Morongo Basin

Implications

Though initially the students were aware of the
presence of desert ground water, after they had taken the

additional units, their understanding of it had increased.
s
This implies that lectures and labs had some effect on the

students' knowledge and attitudes. The environmental

education components of holism, place-based education and

constructivism, incorporated into lectures and lab units,

were likely effective in promoting the understanding about
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ground water. Communities that are dependent on ground
water-or any limited water source-could likely benefit

from curriculum such as this being taught in their
schools. The public also could benefit by an advanced

understanding of the need for water rationing and
conservation in their communities.

Using the Curriculum

A large amount of information about local ground

water is needed to effectively teach about it.

Fortunately, water districts everywhere offer ample
information to the public. Pamphlets, brochures, videos,

even annual reports are available for the asking or are
easily found online.
To best utilize the activities found in the appendix,

educators must first:
Gather as much information about water from basic
college or high school level science texts as they can.

•

Utilize available printed information from local

water districts and agencies so that students
become familiar with the state of ground water

in their area.

•

Reference peer reviewed journals on ground

water. Educators will benefit from specific
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information not found in the general science

texts.

•

Make use of local information resources via the
internet.

All of these suggestions are extremely useful for teaching
basic ground water sciences and for lending relevance and

purpose to the lab activities.
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APPENDIX A
LECTURE OUTLINE
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Lecture Outline
Recommended Outline.

Weekl.
1. An introduction to ground water:
a. What is it?
b. Who needs it?
c. Where is it found?
d. Why is it important?
e. What is a water table?

Week 2.
2. Ground water as a natural resource:
a. Why and how long does it take for ground water to accumulate?
b. Who uses ground water?
c. Why is it important to preserve it?

Week 3.
3. Desert ground water uses:
a. What are the roles of ground water resources in the desert?
b. Who uses ground water in the desert?
c. Are there ground water pollution problems in the Morongo Basin? If so, what
are they?
d. Why is ground water important to desert communities?
e. What threats are imminent to ground water in the Morongo Basin?
f. What can be done to alleviate these threats?
g. Are local water providers actively pursuing ways to preserve local ground
water reserves?
h. Are they successful?
i. Is personal water conservation necessary?
j. Are your personal water conservation practices “ethical?
k. Is there an “ethics” portion to the uses of any natural resources?

Developed by Lisa Rosati
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APPENDIX B
DEFINITIONS OF ENVIRONMENTAL EDUCATION TERMS
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Definitions of environmental education terms
Environmental: Nature, natural resources and the way that humans interact with them.

Problem: A condition in which something we value or believe to be important is at
risk.
Environmental problems: arise when human activities compromise some aspect of
the environment such as uncontrolled population growth, over consumption of
resources and/or the disposal of toxic refuse.

Issue: A problem or its solution for which differing beliefs and/or values exist usually
involving two or more parties who do not agree. In many cases enviromnental
problems remain unsolved because the interested parties never reach
compromises. It is important to understand the values of the disagreeing
parties. This is the essence of the term “environmental issue
Players and Positions: The individuals and/or groups interested in the issue and its
possible outcome.

Beliefs & Values: The ideas about an issue which are held to be true or economically
beneficial to the players. The values and beliefs do not have to be actually true,
nor do the players have to believe that they are actually true, as economic
interests are often intrinsic to the stand the players take on an issue.

Solutions: Various strategies are often proposed to resolve an issue. A solution is
usually considered acceptable when public opinion on the issue is involved, votes are
compiled acceptable compromises reached and laws passed.

Hungerford, H. R., Bluhm, T. L. (1983). Essential readings in environmental
education (3rd ed.). Champaign, IL: Stripes Publishing.
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APPENDIX C
DEFINITIONS OF SOME WATER AND HYDROLOGY TERMS
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Definitions of some water and hydrology terms
Aquifer: Porous, water bearing layers of sand, gravel, and rock below the earth’s
surface; reservoirs for ground water.

Carrying capacity: The maximum number of individuals of any species that can be
supported by a particular ecosystem on a long term basis.
Desalinization: The removal of mineral salts from water by distillation, freezing or
ultrafiltration.

Drip Irrigation: Uses pipe or tubing perforated with small holes to deliver water drop
at a time to the soil around each plant.
Desert: A biome characterized by low moisture levels and infrequent and
unpredictable precipitation. Daily and seasonal temperatures fluctuate widely.

Groundwater: Water held in gravel deposits or porous rock below the earth’s surface;
does not include water or crystallization held by chemical bonds in rocks or
moisture in upper soil layers.
Overdraft: The removal of ground water that takes place faster than its replacement
levels.

Recharge: The deliberate replacement of water into a depleted water table. This is
accomplished by pumping imported water into ponds and allowing it to
saturate into the water table.
Subsidence: The settling of ground surface caused by the collapse of porous
formations that result from the withdrawal of large amounts of ground water,
oil or other subsurface materials.

Water table: The top layer of the zone of saturation: undulates according to the surface
topography and subsurface structure.

Cunningham, W. P., & Cunningham, M. A. (2007). Environmental science: Global
concern (8111 ed.). Boston, MA: Me Graw-Hill.
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APPENDIX D
EXAMPLES OF BROCHURES, PAMPHLETS AND REPORTS
FROM LOCAL WATER PROVIDERS
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DI: Walking tour pamphlet. Joshua Basin Water District.

‘‘G rowing Awareness”
of water conservation. •;
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Joshua Basin Water District et al., (2010). ‘ Walking tour brochure* Gemini group
LLC: Los Angeles.
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D-2: Smart gardening guide from the Joshua Basin Water District (Reference)

Joshua Basin Water District, et al. (1996). Native desert plants: 42650. Culver City,
CA: The Culver Company.
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D3: Cover of Annual Watermasters Report: Hi-Desert Water District.
Scientific paper.

WATERMASTER
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HLDESE1LT WA’l'EK DSTMCT
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YUCCA VjUJ.EYCOMPANY.JLTD, ET AL

CASE NO, 172ti)3 - COUNTY OF SAN BERNAKDINO

ANNUAL REPORT

I

OF THE
WARREN VALLEY BASIN WATERMASTER
FOR THE PERIOD

OCTOBER 1,2009 THROUGH SEPTEMBER 30,2010

November 17,2010

Hi-Desert Water District
Opmtmn» Deportment
55439 29 Psdms Hwy
Yucca Valley, CA 92284

Yucca Valley Company LTD. et al. (2009-2010). Annual report of the Warren Valley
Basin watermaster: 172103. Yucca Valley CA: Hi-Desert Publishers.
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D-5: Hi Desert Water District’s water quality report brochure. 2009.
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Hi-Desert Water District, et al. (2010). Water quality brochure, 2009. Los Angeles:
The Gemini Group LLC.
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APPENDIX E

LAB ACTIVITIES
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Individual Activity #1:

JOURNALING
Summary:
Students are being asked to keep a journal. Please do so in order to document your
descriptions and summaries of lab activities. Any ideas you may have on how to
improve the labs will be taken into consideration. Please include your personal
feelings about the lab activities you will be engaged in. Please include observations of
what you have learned during the lab activities. All journals are an integral part of your
grade, and are to be turned in a week before the last class of the semester. They will be
graded for content and for completeness, and will comprise approximately 20% of
your final grade.
Duration: Journaling should span the duration of the semester.

Setting: Classroom, field, home.
Subject Areas: Horticulture, hydrology, conservation of natural resources, ground
water usage, geology, geologic time, evapotranspiration, cycles, water tables and their
components, local politics, personal observations and assessments of lab activities and
suggestions on how to improve them.

Skills: Interpretation and analysis of observations, summarizing of lab activities,
personal commentary.

Objectives: All of the lab activities require a written description of the activity and
what you have learned by doing the activity you will learn to:
-Coherently express your experiences and learning in written form.
~You will better understand lab procedures and results through writing about them.
~You will personally contribute to the development of the lab activities by offering
suggestions for improvement.
Journal-keeping is an exercise in organization. Entries should be legibly written, well
thought out, and organized as possible.

Specifics:
A 1/2 “ three-ring binder with about 30 pages of lined writing paper and about 20
plastic sleeves.
Please carefully record all that you have learned during the course of the lab activities .
Express yourself! Draw pictures of the water activities, plants, diagrams of water
tables etc. in your journal. Embellish your journal artistically in anyway you see fit.
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Sample journal entry:

10-30-2010
"For our lab class on 10-30-2010, we met at 9:00 a.m. at the Joshua Basin
Water District's "Water Wise Demonstration Garden ' located at the water district's
headquarters in Joshua Tree. The class members met for a pre-scheduled tour that
lasted about an hour. After the tour we adjourned to meet again for the rest of our lab
session at Copper Mountain College. Our docent was a knowledgeable lady named
Jennifer. We started at the plant displays at the entrance to the garden. Jennifer
explained about ground water, conservation and pointed out the landscaping and
water delivery features of the five different water-wise prototype gardens. She spoke in
detail about the medicinal uses ofsome of the native plants and where some of the
plant's names originated. Many were very attractive flowering plants that would be
nice to have in my own garden. I really did not know how many plants there are that
are pretty and don't use much water. Myself and the other students asked questions
throughout the tour. After the tour was over, the docent led us into the water district
office where she supplied all of us with two faucet aerators-one for the kitchen and
one for the bathroom, and the waterflow measurement bags we were to use for the
next lab. It was an informative and interesting tour. "
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Individual Activity # 2:

A VISIT TO THE JOSHUA TREE ‘WATER WISE’
DEMONSTRATION GARDEN
Summary:
Students will become familiar with drought resistant plants, smart water usage and
irrigation systems by visiting a professionally landscaped garden that has been created
for educational purposes.
Introduction: Students will learn about water-saving techniques, decor and plants that
beautify homes without excessive water use from a qualified source.
Skills: Information gathering, journaling.
Subject areas: Horticulture, Earth science, life science, language arts.

Duration: 45 minutes to 1.5 hrs.
Setting: Outdoors

Materials: Journal notebook, pencils, pen and paper. Camera optional.
Objectives: Students are to identify and describe a dozen local species of plants and to
journal their experiences and express in writing what they learned during the tour.

Background information: A tour of a local demonstration garden is to be arranged by
the instructor.
Demonstration gardens are an excellent way to introduce students to water
conservation through low water usage and irrigation techniques in home gardens by
the use of drought tolerant species of plants. Outdoor demonstration gardens list and
label species by their water efficiency, blooming and dormant cycles, their value as
ground cover or use as ornamentals. Many water districts have demonstration gardens
that are open to the public for self-guided walking tours during business hours.
Docent-led tours are often preferable as a knowledgeable docent will be able to answer
any questions the students may have about plants, watering systems, landscaping,
drainage, gray water systems and more.
Instructors:
As the students tour the gardens, have them draw, photograph and take notes on what
they saw and learned in theirjournals. Students should be asked to choose a dozen of
theirfavorite plants and to name, draw or describe them in theirjournals.
On the tour of the Joshua Basin demonstration garden, students were given water
conservation devices and usage assessment equipment: low flow faucet aerators for
the bathroom and kitchen and a waterflow test bag to measure the output of

61

household taps. Using these, students will perform the next lab by monitoring their
own water usage for an average Saturday and Sunday at home, andjournaling their
findings. This is a common practice among water districts ask ifsuch devices are
available so that you may obtain them.

Developed by Lisa Rosati
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Sample Journal Entry:
10-30-2010
“For our lab class on 10-30-2010, we met at 9:00 a.m. at the Joshua Basin
Water District’s ‘Water Wise Demonstration Garden ’ located at the water district’s
headquarters in Joshua Tree. The class members met for a pre-scheduled tour that
lasted about an hour. After the tour we adjourned to meet again for the rest of our lab
session at Copper Mountain College. Our docent was a knowledgeable lady named
Jennifer. We started at the plant displays at the entrance to the garden. Jennifer
explained about ground water, conservation and pointed out the landscaping and
water delivery features of the five different water-wise prototype gardens. She spoke in
detail about the medicinal uses ofsome of the native plants and where some of the
plant's names originated. Many were very attractive flowering plants that woidd be
nice to have in my own garden. I really did not know how many plants there are that
are pretty and don 7 use much water. Myself and the other students asked questions
throughout the tour. After the tour was over, the docent led us into the water district
office where she supplied all of us with two faucet aerators-one for the kitchen and
one for the bathroom, and the water flow measurement bags we were to use for the
next lab. It was an informative and interesting tour. "

Developed by Lisa Rosati
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Individual Activity 3

WEEKEND WATER WATCH
Summary: Students will learn to chart their water usage on an average weekend at
home.

Duration: One Saturday/Sunday weekend.

Subject Areas: Environmental science, conservation of natural resources
Objectives: To develop awareness of water usage, including:
-Observation and recording of personal water consumption habits.
-Gathering of data that will be used in another lab.
Materials: Faucet aerators and water flow measurement bags from the demonstration
garden visit.

Background information: Most of us are unaware of how much water we actually
consume in a day, week or month’s time. The average American family of four uses
about 350 gallons of fresh water daily. In the Morongo Basin, ground water supplies
are under tremendous pressure from an ongoing population boom, dry climate and low
groundwater recharge. Deserts are dry places and it is important that desert residents
understand the importance of water conservation. There are many ways to conserve,
and the following exercises will help the students estimate the amount of water they
use at home per day, week and month. Also included few simple tips on how to
effectively use the water saving devices they were given at the demonstration gardens
tour.
PART I: Shower water flow measurement and duration exercise

How much water do you use while showering? The answer depends on two factors:
the amount of water you use per minute and the duration of your showers.
Equipment: mechanical clock or stopwatch
5 second Flow-Test Bag (available at your local water company).

Step 1: Showering
The next time you shower, take notice of the time, or set a stopwatch and activate it
the moment the water is turned on. Note that a digital clock will not work for this
exercise as you will need to monitor the seconds you spend in the shower as well as
the minutes.
Using average water flow that you are accustomed to, take what you would consider to
be a shower of average length. When finished, turn off the stopwatch, and/or notice the
number of minutes and seconds that have passed since you began. You now have a
good estimate of the duration of your showers.
Record the number of minutes and seconds here__________________
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Step 2: Using the Flow Test Bag:
a. Turn on shower to the same water flow you are accustomed to while showering.
b. As you start the stopwatch, simultaneously place the flow test bag under the stream.
Be sure to catch all the flowing water for 5 full seconds
c. Remove the bag from shower and turn off the water.
d. Observe the quantity of water in the bag and multiply the number of units by 12.
This is how much water you use per minute while showering.
Record the total GPM here:
PART II:
What is the average total water in gallons used per minute when showering? GPM i.e.,
g=_____________
What is the average the duration of showers?
d=______________

Multiply the amount of water per minute (g) by the number of minutes spent in the
shower (d).
(g)(d) =__________total gallons.
This is how much water you currently use while showering.

Questions:
How much water usage be cut without undue hardship to your lifestyle?
If so, how?______________________________________________________________

Have you ever tried using a low-flow shower head?_______
Would you consider purchasing a low-flow shower head?______

PART III: ‘Weekend Water Watch’

Before you install the sink aerators from the water company, monitor your
water usage with your Flow Rate Bag while brushing teeth, washing your car, with
automatic gardening systems, laundry and dishes.

Use the same mathematical formula for each category that you used to estimate your
shower duration and water flow:
(g)(d) =_____ total gallons______________ .
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Record your results in table A
TABLE A:
PRE-AERATOR WATER

USE (g)

DURATION
(in minutes)
(d)

DAILY
USEAGE
(gallons)

WEEKLY
total

MONTHLY
total

Brushing
teeth
Showers
Dishes
Laundry
PART IV: ‘Weekend Water Watch’
a. Install the bathroom and kitchen sink aerators you were given on the water district
demonstration gardens tour and perform the flow test again.
b. Is there notably less water in the flow bag after the five second test?_______ .
c. Record your results in table B and compare with those in table A.

TABLE B.
With
AERATOR

WATER

DURATION

USE g:

DAILY
USEAGE
(gallons)

WEEKLY
total

MONTHLY
total

Brushing
teeth
Showers
Dishes
La

undry

Questions:
a. Since installing the sink aerators, which activity has shown the greatest water
conservation? Why?
b. Which activity has shown the least water conservation? Why?

c. Compare your water bill from last month to the current bill. Did the installation of
aerators make a difference in water consumption?
If so, how much average water is saved per week?

Developed by Lisa Rosati
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Group Activity #1:

DESIGNING a SUSTAINABLE GROUND WATER
USAGE PLAN for the TOWN of JOSHUA TREE
Summary: A group exercise involving the personal use of local water resources. By
using data gathered from previous exercises, you and your partners are to devise a
plausible plan for water usage for the town Joshua Tree. You are to estimate the future
of the town of Joshua Tree based on the numeric projections in Nishikawa’s studies
and maps of the Joshua Tree ground water sub-basin

Duration: Activity time:
Introductory lecture (20 minutes)
Part I: 60 minutes
Part II: 60 minutes
Part III: 60 minutes
Setting: Classroom.

Skills: Interpretation and analyzing data, comparing/contrasting, relating, summarizing
information, brainstorming, discussing and relating ideas, journaling
Interest groups: Current Morongo Basin residents.

Objectives: Students will:
1. Use information on their home water usage that was collected during the ‘Weekend
Water Watch’ lab.
2. Based on their own water usage, calculate how many people the Morongo Basin’s
ground water resources can support given current usage rates, without additional
imported water.
3. Devise a plan for long term sustainable ground water use given current ground
water volume and availability estimations, population census and their own water
usage data.

Materials: Nishikawa’s hydrologic and geologic maps of the Joshua Basin Aquifer.
Population data, also from Nishikawa’s 2003 study.
Paper.
Colored markers
Calculators
Maps (3)

Procedure:
Students will listen to a lecture on the history, current uses and projected future of
Morongo Basin ground water. They are to examine hydrologic and geologic maps of
the Joshua Basin’s known groundwater reserves.
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Students will then use information from Nishikawa’s 2003 study of the Joshua Basin’s
ground water, and their own water usage data from ‘Weekend Water Watch’ to
numerically project the sustainability of the resource.

Background information: “Historically, ground water has been the sole source of
water supply for the community of Joshua Tree” (Nishikawa, p. 4). Since the 1950s,
population increases, farming, the planting of golf courses, and overdraft of limited
ground water supplies have resulted in a staggering overdraft of ground water in the
Morongo Basin. “ (Nishikawa, p. 5).
To combat this looming problem, in 2000 the Bighorn, Hi-Desert and Joshua Basin
water districts in cooperation with the Mojave Water Agency, built a 60 million dollar
pipeline delivery system that brings water to the Morongo Basin from the California
Aqueduct near the city of Hesperia. Most of the water coming from this leg of the
aqueduct originates in the water-rich drainages of the Eastern Sierra Nevada
mountains, 300 miles north. “Without this pipeline, the ground water supplies of the
Morongo Basin would have been depleted by 2005.” (Nishikawa, 2003. p. 25).
The population of the Joshua Tree and the Morongo Basin continues to grow, putting
more stress on both natural and imported water supplies.
Instructors:
After the ground water location maps are handed out instruct the students to pair up
to examine the maps.
Ask the students to locate the Joshua Tree sub-basin and Warren sub-basin on map 1
and to note elevation changes andfeatures such as faults and sinks.
Explain the implications ofgeographicfeatures that might influence the location,
depth and quality ofground water.
After students have had time to familiarize themselves with the maps, hand out the
remaining ground water data tables and information from Nishikawa’s 2003 report on
the state ofJoshua Basin ground water. Give students sufficient time to examine the
data and tables and to ask questions.

Questions:

1. Given the data on the current state ofground water levels and recharge should all
wells be capped and residents allowed to use only city water?
2. Given the data on the current state ofground water and recharge, should pumping
continue and recharge stations be built to combat overdraft?
Would this work?
3. Should septic systems be outlawed in order to avoid the further chemical pollution
ofground water?
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Part II: From the information in data table JB-1, students are to calculate:
The total estimated volume of water present in the Joshua Tree aquifer, (a)
The quantity of that water that is available for current use. (q)
The water recharge rate for the Joshua Basin aquifer per year, (r)
The withdrawal rate per year (w)
a/q + r - w = total available water.
Question: At the present rate ofwithdrawal, how much longer will these aquifers
yield available water?
Be ready to answer questions about ground water movement and location.

Questions: Based on the students ‘Weekend Water Watch’ personal water usage data
and Joshua Tree sub-basin yearly recharge estimates the students are to determine:

a. Can the current Joshua Tree population survive for one year on well water alone?
b. Can the current population of Joshua Tree survive for one year on well water
without depleting the ground water supplies?

c. If so then, without depleting ground water supplies:
How much water per person could be allotted per day, week, month?
d. Can the population of Joshua Tree survive on ground water alone with the addition
of2,000 more residents?
e. With the addition of 2,000 more people, how much ground water could be allotted
per week, month and year for each person?

f. Is such a scenario even feasible? If so, How can it be made to work?

Part III: Students are to brainstorm available water vs. current population demands,
explore viable water use options and come up with a plausible water usage plan for
Joshua Tree.
Students:
Journal the above questions and answers.
Journal the data.
Journal an outline ofyour experience in devising a sustainable water usage plan.
Journal a few paragraphs describing your own thoughts on desert ground water.

Developed by Lisa Rosati
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Group Activity 2

BUILDING A WATER TABLE
after: ‘Get the Ground Water Picture9 (1996)
‘Project Wet9 Nelson, d., Robinson, S. et.al.
Learning basic ground water principles by building a geologic cross section.
Objectives:
Identifying the parts of groundwater systems
Observation and recording of water movement as it flows successively through
materials of varying density.
Duration:
Assembly time: 30 to 45 minutes.
Observation time: ten days to three weeks.

Materials:
6 large, clear plastic containers with labels removed.
3Large, hard rocks (granite, gneiss, slate) that will fit snugly into the containers.
4 cups glass beads or marbles
21-5 lb clay
1-5 pint, coarse sand
1-5 pint fine sand
l-5pint clean water
1-2 pint colored water
Procedure:
Students are to build a water table that resembles the one pictured using the materials
provided. Students are to assemble the components in the plastic containers.
The vertical sequences should be in the same order as the diagram.
Background:
Underground water is found in pores, cracks and openings in subsurface rock called
Aquifers. Aquifers can be small, such as the Joshua Tree Aquifer, covering only a few
square miles and only several feet thick, or as in the case of the huge Edwards-Trinity
Aquifer in West Texas, covering many hundreds of square miles and thousands of feet
thick. In some areas aquifers are located just below the surface. In other places wells
must be drilled thousands of feet to reach water. In some locations several aquifers
may lie on top of each other with layers of rock sand or other materials separating
them (Cunningham, Cunningham, 2010).
The quantity and quality of water varies widely from aquifer to aquifer, but overall
subsurface water is the cleanest water available, making it one of Earth’s most
valuable natural resources.
The age of the ground water also varies from aquifer to aquifer. Some contain water
that is only a few days or weeks old. It is estimated that the Joshua Tree aquifer,
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located under Coyote Lake contains water that, at its lowest depths is at least 32,000
years old. This is due to a thick calcium layer located over the aquifer and the slow
percolation and extremely slow recharge associated with dense overlying materials.
The rate of ground water movement also varies widely from place to place. The Joshua
Basin Aquifer is extremely slow moving due to its horizontally oriented underlying
rock units and the Pinto and Joshua Tree fault cuts, both of which run directly through
the aquifer, interfering with the gradient movement of the water.
Aquifers are found in numerous materials: hard rock, gravel, sand, even clay and silt.
This exercise demonstrates how different materials allow water to move through them
and how long it takes for ground water to accumulate.
Students:
Be sure that the clay layer covers the entire rock layer. It should not be even coverage.
Thick lumps and thinner spots are fine.
Add each layer of materials in the same sequence as the diagram. Leave no empty
spaces.

When finished add 2 pints clean water to the container.
Be sure to note where the water begins to drain downwards into the rock layer.
Observe how the water moves through the layers, noting the relative length of time it
takes to percolate through each layer, and how long it takes for all of the water to
reach the bottom
After ten days. Add the colored water to the container and observe for the next two
weeks how long it takes for the colored water to reach the bottom and tint the ground
water in the container.
Record in your journals daily on the movement of the water in the container, which
layer it has permeated and the length of time it takes to reach the bottom.
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Figure 1: Water table assembly
Assemble a similar model, in the same sequences, using the materials provided.

water____

marbles___
coarse sand _

fine sand__
clay--------

MM

BIWw

rocks ------

s^m,... ww. w.

............................

Questions:

Which material is the most porous?
Which material is the least porous?

How long did it take for all of the water to percolate through the clay?

Developed by Lisa Rosati
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Group Activity 4:

BUILD A DESALINATION DEVICE
Duration:
10 minutes setup time.
3 hours on a sunny day 6-7 hours on a cloudy day.

Summary:
What can you do when fresh water supplies are scarce? Can salty or polluted water
easily be converted to potable fresh water?
Students are to construct a simple desalination bowl and test its ability to convert
polluted water into drinkable fresh water.
Everyone should know how to construct a desalination device as it is a simple survival
skill.
Setting:
Classroom

Objectives:
To show students a simple way to convert non-potable water into fresh using nesting
bowls, an ancient method.
To observe the effects of evapotranspiration and greenhouse effect.

Materials:
Two large clear glass or clear plastic bowls of equal size and one smaller bowl per
group.
2” clear tape
Water cycle diagram
Chemical water testing kit

Background:
The desalination of sea water probably started with the earliest seafaring cultures. The
actual origins of this simple desalination device are lost to history, but archaeological
evidence points to the use of desalination bowls from as early as 2,600 years ago. The
earliest known example of ancient desalination bowls were found in 1866 near a late
bronze age mining quarry located near the ancient city of Al Kharten, Libya. (Biblical
archaeology review, Vol. VI, 114, p. 34.) It is well known that ocean water is
extremely salty and sailors from all over the world have survived long ocean voyages
by converting sea water to fresh. Miners, shepherds and others have also benefited
through the use of desalination bowls for centuries.
The simplest desalination device is the three-bowl model. All that is needed is two
large clear glass bowls of equal size, one smaller clear glass bowl some clear tape and
a sunny day.
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Part I
The following exercise shows a simple, time honored technique for converting sea
water-or any non-potable water, to fresh, drinkable water.

a. Place the smaller bowl, upright into the water bowl.
b. % fill the small bowl with dirty or saline water.
c. Place the second large bowl, facing downward, over the top of the other large bowl,
matching the rims of the bowls evenly. Tape shut.
d. Move the bowls to a sunny place, being careful not to splash the dirty water into the
clean bowl.
Part II
After several hours in the sun, remove the tape and examine the content of the bowls.
a. Chemically test the water collected in the small bowl.
b. Taste the water.
c. Record your findings in your journals.
Questions:
1. How did the water get into the large bowl?

2. Is the water in this bowl clean?
3. What caused the water in the small bowl to evaporate?

4. What was the function of the “lid” bowl?

5. Do you consider the building of this desalination device useful? Why or why not?
6. Did the desalination process clean the water sufficiently? Would you drink it?
7. Are there chemical pollutants still present in the water? Which ones, if any?

8. Does the water taste fresh?
Record the answers to the previous questions and your observations in your journals.
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Part II:
Table C.
Polluted
water

Desalinated water

%

NA

%

NA

Nitrogen
Nitrogen
Cyanide
Cyanide
Arsenic
Arsenic
Ammonia
Ammonia
Copper
Copper
Chromium
Chromium
BEFORE the evapotranspiration process has started:
1. Students are to chemically test the polluted water using water pollution testing kits
according to the directions.
2. Students are to record the estimated ppm of each chemical that is present in the
water on the right side of the grid.
3. After the desalination process is complete have the students taste and again
chemically test the desalinated water and record their findings on the right side of
the grid.
Students:
Journal the questions and your answers, journal your test results.
Place desalination grid in your journal.
Journal your thoughts on the desalination ofpolluted water and the outcomes of the
chemical tests.

Developed by Lisa Rosati
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Group Activities 5/6:

BUILDING a POINT SOURCE POLLUTION MODEL &
IDENTIFYING the SOURCE(S) of NITROGEN
POLLUTION in the WARREN SUBBASIN
Description:
This exercise involves reasoning and the processes of elimination to arrive at the most
likely source(s) of nitrate pollution of ground water in the Warren Subbasin. A
discussion session should be conducted by the students after the lab is completed, and
journaled thoroughly.
This is a hands-on activity. Students are to investigate porosity and permeability of
soils and the mechanics of groundwater systems. Students will use modeling and data
analysis and attempt to identify the source of nitrates in ground water.
Subject areas:
environmental science, local history.

Setting:
classroom.
Skills:
Organization, plotting, analysis, discussion and debate.

Preparation time:
30 minutes.

Activity duration:
Approximately 180 minutes.
Objectives:
To raise student awareness of ground water resources and possible ground water
contamination in their community.
To familiarize students with maps and map reading.
To trace the flow of contaminants in ground water by the use of modeling and data
analysis.
To use logic and reasoning skills while attempting to locate water contaminants.
To come up with possible solutions to local ground water contamination.
Materials:
Enough shallow clear glass containers for entire class: Clear casserole dishes, pie pans,
etc. (3-4 students per container).
6 gallons sand
4Red, blue or purple paint powder or drink mix.
4-6 Spray bottles.
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Highlighter pens: yellow, blue, pink.
Maps and analysis data of nitrate pollution featured in Nishikawa’s (2004) ‘Evaluation
of the source and transport ofhigh nitrate concentrations in ground water Warren
Subbasin, California ’

Background Information:
You cannot see what is happening to ground water. The only way to know if it is
polluted is by sampling and testing the water and analyzing the data. Nitrate pollution
is an increasing source of ground water contamination in the Morongo Basin and since
there are several ways that nitrates may end up in drinking water, detecting the
source(s) of the pollutant is important for local residents. The testing of ground water
for contaminants is often time consuming and very expensive
One of the most common problems with septic tank output is its contribution to nitrate
pollution of ground water reserves, but it is overly simplistic to believe that any and all
nitrate contamination of ground water must be from septic pollution. Nitrates in
ground water can also come from landscaping, farming fertilizers, and in leachate from
sanitary landfills. Golf courses are also notorious for their use of nitrogenated
fertilizers that often wind up in ground water. Sometimes nitrates are found naturally
in surface and subsurface soils in high concentrations. In quantity, nitrates pose
significant health risks. Nitrate toxicosis in humans hinders the blood’s ability to carry
oxygen. This can lead to oxygen deprivation of vital organs, a condition known as
methemoglobinemia. High levels of nitrogen are also associated with risk of allergic
reactions, asthma and hepatitis. (Nishikawa, 2004).
The normal carbon filtration of drinking water will not remove excess nitrogen, nor
will reverse osmosis, as the chemical bond between the water molecules and the
nitrogen pollutants are quite strong (Cunningham, Cunningham, 2010).
By sampling well water and performing tests, chemical pollutants can be detected.
Preferably water samples from several areas around a suspect site should be tested. An
efficient technique for testing ground water supplies involves gridding the area
surrounding the water well and drawing samples from the cross sections. It is time
consuming and expensive to do so, but by monitoring well water over a period of time,
any changes in ground water quality can often be detected.
Is it valuable to Morongo Basin residents to know if their ground water is polluted?
Who should pay for the testing?
If ground water is polluted, who should pay for the cleanup? The consumers? The
polluters? Both?
These are reasonable questions that should be addressed by local residents .
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PARTI
To effectively illustrate how a contaminant moves with the flow of groundwater it is
helpful to create a plume (a continuous emission of a point-source contaminant).

a. Load a shallow clear glass container 2/3 full with coarse grained sand. Spread a
layer about % thick of fine grained sand on top. Load two teaspoons of paint
powder, drink mix or colored sugar into a pile at one comer of the clear glass
container.
b. a.3 Elevate the end of the container with the colored powder about 2” high by
propping it with books or blocks.
c. Thoroughly wet the sand using the spray bottle. This may take five minutes or
more. Switch bottle operators as hands grow tired.
Questions:
a. What conditions caused the color plume in the container to form?
b. Where is it headed?

c. How does this relate to where possible pollution sources might be located on the
maps?
Students:
Draw and label what you see in the container in your journal along with your
observations.

Instructors:
The students are to reexamine their conclusions about the source (s) of water pollution
See if a consensus is reached.
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PART II
a. Students are to bring in samples of unfiltered tap water from their homes.

b. Using the water pollution detection kits, have the students test their water for
nitrogen, ammonia, cyanide, copper, chromium and arsenic. Record the results in
the table.

Table D.
Home Water

%

NA

Nitrogen
Ammonia
Cyanide
Copper
Chromium
Arsenic

Instructors:
Hand out the water pollution reference guides from the Hi Desert Water District.
If/when a pollutants) are found in the water, have students refer to the guides to get
an idea of where the ground water pollution may be comingfrom.
Students:
Be sure to journal your findings and observations.
PART III
Procedure 1
Instructors: Hand out the hydrologic maps (WS: 1, 2, 3, & 4).

Instruct the students examine the maps. Be ready to answer questions on the
topography, hydrology, geology, geography of the maps. Refer to the reports by
Nishikawa, 2003, 2004.

1. Students are to locate geographic features common to both maps in order to
familiarize themselves with the area, then look for nearby lakes, stream beds and
subsurface water bodies.
2. Students are to take note of surface elevations and fault zones and to mark the high
points on WS1 map in yellow.

3. On map WS2 have students look for possible natural sources of nitrates such as
seeps where algae blooms may indicate the presence of nitrates.
4. On map WS3 instruct students to locate elevations and possible anthropogenic
pollution sources such as a farm or ranch, park, landfill, septic output, or sewage
treatment plant.

79

Instructors:
The students are to then collaboratively choose the possible pollution sites, then
choose 3-4 more sites that they might think could be the source(s) of nitrate pollution.
(Is there a slaughterhouse or golf course in the vicinity?)

5. Students are to locate and mark any suspected anthropogenic or natural pollution
sources in pink.
NOTE: This is the most time-consuming part of the exercise. Educators should be
ready to answer specific questions from the students about water sources, movements
and pollution, geologic features and rock types, etc.
Give them adequate time to truly examine the maps and draw conclusions.
6. After careful examination, mark on all three maps where test wells should be
drilled and water samples drawn, lightly in pencil.
Questions:
1. What were your reasons for choosing the test well sites?

2. What was it about each site that seemed right to you? (land features, locale, nearby
water sources?)

Instruct students to answer questions andjournal their findings.
PART IV.
Procedure 2
After determining the best place to look for contaminants, use WS: 4 map to grid the •
placement of test wells-16 total (4 rows each).

a. WS: 4 is to be used as a key against the locations of test sites that the students may
choose.

Students:
Remember to review map projections and to refer to the data conversion table if
needed.
b. Students are to grid the hydrologic map with blue markers where the test wells
should finally be drilled.

c. Instruct them to refer to WS2 and WS3 maps frequently to avoid drilling dry wells,
drilling on steep hillsides, on cliffs or through homes and businesses.
d. Each group should have been able to identify a least one proven contamination
source in accordance with map #6
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Questions:
1. Is it possible that the pollutants that the students discovered were caused by a
naturally occurring source? Or could it only be anthropogenic? (human caused?)
2. Would your community’s current dependency on ground water justify the
expenditures involved in cleaning up the contamination?
3. If the most likely source of ground water pollution were a landfill or military
facility, should citizens demand that the suspected perpetrators, the city budget or
concerned citizens- or all three- pay for the test wells?
4. If the source of pollution is determined to be a landfill should it be shut down?

5. If the source of pollution is determined to be a farm, should it be shut down or
forced to clean up its pollutants?
6. If the source of ground water pollution appears to be from septic tanks, who should
pay for the installation of city sewage treatment?
7. If the ground water is of good quality, what should you and your community do to
ensure that it stays that way? What options are there?

Please enter answers in your journals.
Students:
Enter the answers to the above questions and be sure to offer about 2-3 pages of
insights you may have on the topic ofground water pollution in your journals.
Learning Extensions:
This exercise could be used as an extension to an already existing mapping unit.

It would be useful to add a bacterial testing unit to this exercise, particularly if your
community uses septic tanks and/or if a sewage processing plant, slaughterhouse or
feed lot are a suspected source of pollutants.

CAUTION!
Water samples taken from suspected polluter sites can be useful, but be
sure to caution students on the pitfalls of trespassing on private property before they
undertake their own investigations.

Developed by Lisa Rosati
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APPENDIX F
MAPS AND DATA, GROUP ACTIVITY 1.

'A SUSTAINABLE

GROUND WATER USAGE PLAN FOR JOSHUA TREE.•
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F-l Numeric conversion table.
CONVERSION FACTORS, VERTICAL DATUM, ABBREVIATIONS AND
ACRONYMS
CONVERSION FACTORS
Multiply

By

inch (in.)
foot (fl)
foot per foot (ft/ft)
mile (mi)

Length
25.4
03048
l.0000
1.609

acre
acre
square foot (fl2)
square mile (mi2)

4,047
0.4047
0.09290
2.590

gallon (gat)
cubic foot (ft3)
acre-foot (acre-ft)

0.003785
0.02832
1,233

To obtain

millimeter
meter
meter per meter
kilometer

Area

square meter
hectare
square meter
square kilometer

Volume

cubic meter
cubic meter
cubic meter

Flow rate

acre-foot per day (acre-ft/d)
acre-footper month (acrc-ft/mo)
acre-foot per year (acre-ft/yr)
fool per day (ft/d)
tool per year (ft/yr)
gallon per minute (gal/min)
gallon per day (gal/d)
gallon per day per acre (gal/d?aerc)
inch per year (in Jyr)

picocurie per liter (pCi/L)
foot per day (ft/d)
foot squared perday (iWtl)

foot per day per foot |(ft/d)/ft|

0.01427
1.233
1,233
0.3048
0.3048
0.06309
0.003785
6.009354
25.4
Radioactivity
0,037
Hydraulic conductivity
0.3048
Transmissivity*
0.09290
Lcakancc
1

cubic merer per second
cubic meter per mouth
cubic meter per year
meter perday
meter per year
liter per second
cubic meter per day
cubic meter per day per hectare
millimeter per year
becquerel per liter
meter per day

meter squared pcrday:
meter per day per meter

"1'em neral me indegrees Fahrenheit (cl;) may be converted to degrees Celsius (°C) as follows:
°C = (°F-32)/1.8

Adapted from: Nishikawa, T., Izbicki, J. A., Hevesi, J. A., Stamos, C. L., & Martin, P.
(2004). Evaluation of the geohydrologic framework, recharge estimates and
ground water flow of the Joshua Tree area, San Bernardino, California. (U.S.
Geological Survey Scientific Investigations Rep. No. 2004-5267).
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F-2: Test well numbering system for Joshua Tree Subbasin.

Well-Numbering System
Wells ore identified and numbered according to their location in the rectangular
system for the subdivision of public lands. Identification consists of the township
number, north or south; the range number, east or west; and the section number. Each
sec Lion is divided into sixteen 40-ncrc tracts lettered consecutively (except I and 0),
beginning with "A" in the northeast corner of the section and progressing in a sinusoidal
manner to ‘R* in the southeast comer. Within the40-acrc tract, wells arc sequentially
numbered in the order they arc in ven toned. The final letter refers to the base fine and
meridian. In California, there arc three base lines and meridians; Humboldt (H). Mount
Diablo (M)r and San Bernardino (S). All wells in the study area arc referenced to the.
San Bernardino base line and meridian (S) Well numbers consist of 15 characters and
follow the format 001N006E025M003. In this report, well numbers arc abbreviated and
written 1 N/6E«25.M3. Wells in the same township and range arc referred to only by their
section designation, 25M3, The following diagram shows how the number for well
1N/61:-25.M3 is derived.
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Adapted from: Nishikawa, T., Izbicki, J. A., Hevesi, J. A., Stamos, C. L., & Martin, P.
(2004/ Evaluation of the geohydrologicframework, recharge estimates and
ground waterflow of the Joshua Tree area, San Bernardino, California. (U.S.
Geological Survey Scientific Investigations Rep. No. 2004-5267).
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F-3: Average yearly precipitation for Morongo Basin and vicinity

Average m onthly precipitation in inches

Average monthly precipitation measured at five
locations in the vicinity of the Warren Valley
and Copper Mountain surface water drainages

EXPLANATION
- A - Joshua Tree
—* Keys Ranch
—w—Morongo Valley

-O

Palm Springs
Twentynine Palms

Adapted from: Nishikawa, T., Izbicki, J. A., Hevesi, J. A., Stamos, C. L., & Martin, P.
(2004). Evaluation of the geohydrologicframework, recharge estimates and
ground water flow of the Joshua Tree area, San Bernardino, California. (U.S.
Geological Survey Scientific Investigations Rep. No. 2004-5267)
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F-4: Topography of drainages into the Joshua Tree Subbasin
Figure 4: Rainfall and surface drainage. Joshua Tree Subbasin. 1950-1999.
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Adapted from: Nishikawa, T., Izbicki, J. A., Hevesi, J. A., Stamos, C. L., & Martin, P.
(2004/ Evaluation of the geohydrologic framework, recharge estimates and
ground waterflow of the Joshua Tree area, San Bernardino, California. (U.S.
Geological Survey Scientific Investigations Rep. No. 2004-5267).
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F-5: Subsurface topography of Joshua Tree Subbasin.
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Adapted from: Nishikawa, T., Izbicki, J. A., Hevesi, J. A., Stamos, C. L., & Martin, P.
(2004). Evaluation of the geohydrologicframework, recharge estimates and
ground waterflow of the Joshua Tree area, San Bernardino, California. (U.S.
Geological Survey Scientific Investigations Rep. No. 2004-5267).
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F-6: Annual pumpage of ground water from Joshua Tree Subbasin 1958-2001

Total annual ground water pumpago by Joshua Basin Water District 1956*2001,

Adapted from: Nishikawa, T., Izbicki, J. A., Hevesi, J. A., Stamos, C. L., & Martin, P.
(2004). Evaluation of the geohydrologicframework, recharge estimates and
ground waterflow of the Joshua Tree area, San Bernardino, California. (U.S.
Geological Survey Scientific Investigations Rep. No. 2004-5267).
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F-7: Joshua Basin ground water subbasin contours

Base from USGS Htgilal database
2:200.000 Mercator Projection.
Background satellite image
byU5GS(W,

Mop Key
Line of equal depth to Pre Tertiary basement complex
Contour intervals are 500 feel.
- • — ; Selected Fanil-dashed where-approximately located.

..........

Modeled Joshua Tree and Copper Mountain ground-waler subbasins

Adapted from: Nishikawa, T., Izbicki, J. A., Hevesi, J. A., Stamos, C. L., & Martin, P.
(2004). Evaluation of the geohydrologic framework, recharge estimates and
ground waterflow of the Joshua Tree area, San Bernardino, California.
(U.SGeological Survey Scientific Investigations Rep. No. 2004-5267).
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F-7: Current locations of test wells in the Joshua Tree Subbasin.
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Adapted from: Nishikawa, T., Izbicki, J. A., Hevesi, J. A., Stamos, C. L., & Martin, P.
(2004). Evaluation of the geohydrologic framework, recharge estimates and
ground water flow of the Joshua Tree area, San Bernardino, California. (U.S.
Geological Survey Scientific Investigations Rep. No. 2004-5267).
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APPENDIX G
MAPS AND DATA, GROUP ACTIVITY 6.

'IDENTIFYING

SOURCES OF NITROGEN POLLUTION IN THE

WARREN SUBBASIN'
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G-l: Well numbering system, Warren Subbasin.
WELL-NUMBERING SYSTEM

Wells are identified and numbered according to their location in the rectangular systemfor the subdivision of
public lands. Identification consists of the township number, north or south; the range number, east or west; and the
section number. Each section is divided into sixteen 40-acrc tracts lettered consecutively (except I and O),
beginning with "A” in the northeast comer of the section and progressing in a sinusoidal manner to "R” in the
southeast comer. Within the 40-acre tract, wells are sequentially numbered in the order they are inventoried. The
final letter refers to the base line and meridian. In California, there are three base lines and meridians; Humboldt
(H), Mount Diablo (M), and San Bernardino (S). All wells in the study area are referenced to the San Bernardino
base line and meridian (S) Well numbers consist of 15 characters and follow the format 001N005E36K001S. In
this report, well numbers are abbreviated and written 1N/5E-36K1. Wells in the same township and range are
referred to only by their section designation, 36K1. The following diagram shows how the number for well
1N/5E-36K1 is derived.
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Adapted from: Nishikawa, T., Densmore, J. N., Martin, P., & Matti, J. (2003).
Evaluation of the source and transport of high nitrate concentrations in
ground water: Warren Subbasin California (U.S. Geological Survey Scientific
Investigations Rep. No. 2003-03-4009).
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PUMPAGE. IN ACRE-FEET PER YEAR

G2: Chart WS-1: Ground water pumpage data. Warren Subbasin, 1956-2001

Nishikawa, T., Izbicki, J. A., Hevesi, J. A., Stamos, C. L., & Martin, P. (2004).
Evaluation of the geohydrologicframework, recharge estimates and ground
waterflow of the Joshua Tree area, San Bernardino, California. (U.S.
Geological Survey Scientific Investigations Rep. No. 2004-5267).
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G-3: Subsurface contours, Warren Subbasin.
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Adapted from: Nishikawa, T., Izbicki, J. A., Hevesi, J. A., Stamos, C. L., & Martin, P.
(2004). Evaluation of the geohydrologic framework, recharge estimates and
ground water flow of the Joshua Tree area, San Bernardino, California. (U.S.
Geological Survey Scientific Investigations Rep. No. 2004-5267).
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G-4: Current test wells and monitoring. Warren Subbasin.
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Adapted from: Nishikawa, T., Densmore, J. N., Martin, P., & Matti, J. (2003).
Evaluation of the source and transport of high nitrate concentrations in
ground water: Warren Subbasin California (U.S. Geological Survey Scientific
Investigations Rep. No. 2003-03-4009).
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G-6: Map WS-4: Current locations of recharge ponds & test wells.
R5E

11F29’

R6E

34’
09’

T
I
N

T
I
S

341
05’

Base image from Digital Etewiion ModelNational Equation Dataset—Mojaw Desert
area, USG S EROS data center 1999.l:24,t&3

4 MILES
1---------- '-------------------- 1

Fault traces from Hart and others, 1931,
Jennings, 1fi94;Tre(man, 1992

4 KILOMETERS
EXPLANATION

20.6
(4A1)

Nitrote concentrotion and well designation
(July-August 2001, unless otherwise noted}—In
milligrams per liter

O
O
O
O

Warren ground-waler basin

c

<10
10-30
31-45
>45

Recharge pond

Proposed recharge pond site

y=*—...? Fault—Dashed where approximate,
dotted where concealed, queried
where uncertain

Adapted from: Nishikawa, T., Densmore, J. N., Martin, P., & Matti, J. (2003).
Evaluation of the source and transport of high nitrate concentrations in
ground water: Warren Subbasin California (U.S. Geological Survey Scientific
Investigations Rep. No. 2003-03-4009).
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G-7: Conceptual models of septic entrainment, Warren Subbasin.

Figure A. Downward migration of seplage into unsaturated zone prior to
artificial-recharge operations. (B) Water level rise entraining septage.
Warren Subbasin. U.S. Dept of the Interior, U.S. Geological Survey

Adapted from: Nishikawa, T., Densmore, J. N., Martin, P., & Matti, J. (2003).
Evaluation of the source and transport of high nitrate concentrations in
ground water: Warren Subbasin California (U.S. Geological Survey Scientific
Investigations Rep. No. 2003-03-4009).
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APPENDIX H

PRE- AND POST ASSESSMENT
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Pre- and Post Assessment

Survey Questions
Morongo Basin Ground Water

Name________________________
Date________

Domain I Questions:

1.

Which of the following is responsible for the most consumptive groundwater
use in the Morongo Basin?
a. Agriculture
b. Municipal water use
c. Recreation/watering golf courses
d. Mining

2.

According to Nishikawa’s studies on the state of ground water in the Morongo
Basin, how much longer will ground water resources be available for use,
given the current rate of consumption?
a. 100 years
d. 50 years
c. 25 years
d. 10 years

3.

___________ is an example of a natural process that is often accelerated by
human activities. It is also the most common cause of non-point source water
pollution in the Morongo Basin and desert areas in general:
a. Eutrophication
b. Weathering and release of toxic inorganic chemicals from rocks’
c. The mobilization and concentration of soluble mineral salts from
groundwater
d. Sediment loading in runoff channels

4.

Groundwater contamination in desert areas from non-point source pollution:
a. Is constant throughout the year
b. Varies greatly from season to season
c. Is generally not a problem in the Morongo Basin
d. Comes primarily from the marine base at 29 Palms

5.

Ground water contamination in the Morongo Basin through discharge of
petroleum products is greatest in
a. Twenty-nine Palms
b. Joshua Tree
c. Wonder Valley
d. Yucca Valley
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6.

7.

The purpose of desert groundwater recharge stations is to:
a. Prevent land subsidence
b. Accelerate the process of refilling the water table
c. To catch and conserve rain water
d. All of these
The Morongo Basin Pipeline brings water to the Morongo Basin from:

a.
b.
c.
d.

8.

The California aqueduct at Hesperia
Coachella Valley ground water
The Colorado River
Mojave River

The water carried by the Morongo Basin Pipeline originally comes from.
a. The Colorado Rockies
b. The Sierra Nevada
c. The Pacific Ocean
d. Underground springs in Nevada

Domain II Questions
9.

The quality of Morongo Basin ground water should be annually assessed to
protect the health of people who use it.
a. 4= Strongly Agree
b. 3= Agree
c. 2= No Opinion
d. 1= Disagree
e. 0= Strongly Disagree.

10. Ground water polluters of the Morongo Basin should be fined.
a. 4= Strongly Agree
b. 3-Agree
c. 2- No Opinion
d. 1= Disagree,
e. 0= Strongly Disagree.
11. The recycling and reclamation of gray water should be required by law in the
Morongo Basin.
a. 4= Strongly Agree
b. 3= Agree
c. 2= No Opinion
d. 1= Disagree
e. 0= Strongly Disagree
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12. Morongo Basin residents and businesses should be required to install faucet
aerators, low flush toilets and gray water reclamation systems or be fined.
a. 4= Strongly Agree
b. 3= Agree
c. 2= No Opinion
d. 1= Disagree
e. 0= Strongly Disagree
13. Ground water rationing should be implemented in the Morongo Basin.
a. 4= Strongly Agree
b. 3= Agree
c. 2= No Opinion
d. 1= Disagree
e. 0 = Strongly Disagree

14. Septic tanks, except in remote locations, be outlawed in the Morongo Basin.
a. 4= Strongly Agree
b. 3= Agree
c. 2= No Opinion
d. 1= Disagree
e. 0= Strongly Disagree
15. Swimming pools in the Morongo Basin should be substantially taxed.
a. Strongly Agree
b. Agree
c. No Opinion
d. Disagree
e. Strongly Disagree
16. The middle and high schools of the Morongo Basin should include local
ground water knowledge as part of the curriculum.
a. Strongly Agree
b. Agree
c. No Opinion
d. Disagree
e. Strongly Disagree

17. The Morongo Basin’s water districts should implement more outreach
programs promoting public awareness of ground water issues.
a. Strongly Agree
b. Agree
c. No Opinion
d. Disagree
e. Strongly Disagree
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18. Most Morongo Basin residents are aware of ground water quality in the area.
a. Strongly Agree
b. Agree
c. No Opinion
d. Disagree
e. Strongly Disagree
19. The Morongo Basin’s water municipality more than adequately educates the
residents of this area about the quality of their ground water resources.
a. Strongly Agree
b. Agree
c. No opinion
d. Disagree
e. Strongly Disagree

20. The Morongo Basin’s water municipality provides local residents with accurate
scientific information about the quality of their ground water.
a. Strongly Agree
b. Agree
c. No Opinion
d. Disagree
e. Strongly Disagree

Developed by Lisa Rosati.

102

REFERENCES
Ballantyne, R. R., & Packer, J. M. (in press). Teaching
and learning in environmental education: Developing
environmental conceptions. Retrieved January 26,
2010, from http://web.ebscohost.com

Callicott, J. R. (1996). The status of environmental
education with respect to the goal of responsible
citizenship behavior. In H. R. Hungerford, W. J.
Bluhm, T. L. Volk & J. M. Ramsey (Eds.), Essential
readings in environmental education (3rd ed. , pp. 3746). Champaign, IL: Stripes Publishing.
Carlson D. H., & Plummer, C. C. (2009). Physical geology:
The earth revealed (8th ed.) . Boston, MA:
McGraw-Hill.
Crowell, S., Caine, R. N., Caine, G. W., Garcelon, D. K, &
Munson, L. (2005) . Re-enchantment of learning: A
manual for teacher renewal and classroom
transformation. Tucson, AZ: Zephyr.

Culen, G. R. (2005). The status of environmental education
with respect to the goal of responsible citizenship
behavior. In H. R. Hungerford, W. J. Bluhm, T. L.
Volk, & J. M. Ramsey (Eds.), Essential readings in
environmental education (3rd ed. , pp. 37-43).
Champaign, IL: Stripes Publishing.
Cunningham, W. P., & Cunningham M. A. (2007).
Environmental science: A global concern (8th ed. ) .
Boston, MA: McGraw-Hill.
Disinger, J. F. (1983). Environmental education's
definitional problem. In H. R. Hungerford, W. J.
Bluhm, T. L. Volk, Sc J. M. Ramsey (Eds.), Essential
readings in environmental education (3rd ed. ,
pp. 17-33). Champaign, IL: Stripes Publishing.

Hi-Desert Water District, et al. (2010). Water quality
brochure, 2009. Los Angeles: The Gemini Group LLC.
Hungerford, H. R., Bluhm, T. L. (1983). Essential readings
in environmental education (3rd ed.). Champaign, IL:
Stripes Publishing.

103

Ingatow, G. (2009). Cultural models of nature and society:
Reconsidering environmental attitude and concern.
Environment and Behavior, 38(4), 441-462. Retrieved
November 4, 2009, from http://eab.sagepub.com

Jacobsen, S. K., McDuff, M. D., & Monroe, M. C. (2006).
Conservation education and outreach techniques.
Oxford, England: Oxford University Press.
Joshua Basin Water District, et al. (1996). Native desert
plants: 42650. Culver City, CA: The Culver Company.
Joshua Basin Water District, et al. (2010). Walking tour
brochure. Los Angeles: Gemini Group LLC.

McKnight, T. L., & Hess, D. (2010). Physical geography: A
landscape appreciation (9th ed.). Upper Saddle River,
NJ: Merrell-Prentice Hall.
Nelson, D., Ouren, S., et al. (1995). Project wet: Water
education for teachers. The Watercourse & The Council
for Environmental Education. Montana State
University. Bozeman, Mt.
Nishikawa, T., Densmore, J. N., Martin, P., & Matti, J.
(2 003) . Evaluation of the source and transport of
high nitrate concentrations in ground water: Warren
Subbasin California (U.S. Geological Survey
Scientific Investigations Rep. No. 2003-03-4009).

Nishikawa, T., Densmore, J. N., Martin, P., & Matti, J.
(2003). Maps and figures. 'Evaluation of the source
and transport of high nitrate concentrations in
ground water: Warren Subbasin California.' (U.S.
Geological Survey Scientific Investigations Rep. No.
2003-03-4009).
Nishikawa, T., Izbicki, J. A., Hevesi, J. A., Stamos, C.
L., & Martin, P. (2004). Evaluation of the
geohydrologic framework, recharge estimates and
ground water flow of the Joshua Tree area, San
Bernardino, California. (U.S. Geological Survey
Scientific Investigations Rep. No. 2004-5267) .
Available from http://pubs.usgs.gov/sir/

104

Nishikawa, T., Izbicki, J. A., Hevesi, J. A., Stamos, C.
L. , & Martin, P. (2004) . Maps and. figures of Joshua
tree subbasin. Evaluation of the geohydrologic
framework, recharge estimates and ground water flow
of the Joshua Tree area, San Bernardino, California.
(U.S. Geological Survey Scientific Investigations
Rep. No. 2004-5267).

Orr, D. W. (2004) . Earth in mind. Washington DC: First
Island Press.

Sobel, D. (2005). Place-based education: Connecting
classrooms and communities. Great Barrington, MA: The
Orion Society.
St. Claire, B., & Hough, D. L. (2003). Interdisciplinary
teaching: A review of the literature. Springfield,
MO: Southwest Missouri State University Press.
Yucca Valley Company LTD., et al. (2009-2010). Annual
report of the Warren Valley Basin watermaster:
172103. Yucca Valley Ca: Hi-Desert Publishers.

105

